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Infrared spectrometry and Raman microprobe in the analysis of
urinary calculi. Infrared spectrophotometry and Raman spectroscopy,
thanks to the laser molecular microsond (MOLE), are two analytical
techniques particularly well suited to a precise analysis of the composi-
tion and structure of urinary calculi. They both showed noteworthy
efficiency in their ability to recognize the various crystalline or amor-
phous mineral and organic species. The MOLE permits analysis of
crystals I z in size, demonstrating its usefulness in the study of calculi
nuclei as well as in the study of urinary crystals. These analyses are a
very important source of information about conditions of crystalline
nucleation and growth as well as about ions and molecules which can
take place in the formation and the evolution of the diverse crystalline
phases. On the clinical level, these data can contributc to a better
comprehension of the formation of every stone.
La spectrophotométrie infrarouge et Ia microsonde Raman dans I'étude
des calculs urinaires. La spectrophotomCtrie infrarouge et Ia spectrosco-
pie Raman, grace a Ia microsonde moléculaire a laser (MOLE), sont
deux techniques d'analyse particulierement bien adaptées a une étude
precise de Ia composition et de Ia structure des calculs urinaires. Elles
ont démontrC leur efficacitC dans Ia reconnaissance des diverses
espCces minérales et organiques, cristallines ou amorphes. La MOLE
permet de determiner Ia nature molCculaire de cristaux de 1 p. de cOté,
cc qui montre son intCrét dans l'étude des zones de nucleation de
calculs ainsi que dans celle des cristaux urinaires. Ces analyses
apparaissent comme une source trés importante d'informations sur les
conditions de La nucleation et de Ia croissance cristallines aussi bicn que
sur les ions et molecules qui peuvent intervenir dans Ia formation et
l'bvolution des diverses phases cristallines. Au plan clinique. ces
données peuvent contribuer a une meillcure comprehension de Ia
formation des calculs.
On the increase in most Western European and North
American countries, lithiasis stems from various causes, some
of which are not yet known. To discover the lithogenic disorder
from which each patient suffers, it is necessary to conduct a
rigorous etiological inquiry complemented by biological or
radiological explorations.
Analyzing the calculi is an important phase of this inquiry and
should be made systematically with adequate techniques.
Among these techniques, infrared spectrometry (IR) seems to
he one of the best because it yields rapid and precise informa-
tion of immediate use to physicians. We have performed an
analysis of 2.000 urinary calculi with this technique.
To study the structure of calculi on the very small scale of the
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micron, and to approach the phenomena responsible for crystal-
line nucleation, aggregation, and growth, it is necessary to use
other techniques including studies of crystallization in vitro as
well as methods of physical analysis still more refined than IR.
That is why we have performed preliminary studies with the
molecular microsond with Raman effect (MOLE) to verify the
aptitude of this recently developed instrument for the analysis
of urinary calculi and sediments, particularly to search for
brushite or sodium hydrogen urate crystals in the nucleus of
oxalic calculi, to study the fine structure of whewellite stones,
and to differentiate apatite and carbapatite. The first results
obtained show that this technique can claim a special place
among the various approaches to the investigation of biological
calculi.
Methods
Infrared spectrophotometry. Calculi were submitted to care-
ful microdissection under a binocular lens (g x 10). Samples of
all structural representative zones were taken, scattered, and
pulverized with an inert support (potassium bromide) in propor-
tions of 0.5 to 2%. The mixture was pressed to obtain pellets 2
or 13 mm in diameter which were analyzed with IR. Materials
and methods have been described elsewhere [1].
All the spectra presented were registered by means of an
infrared spectrophotometer (Perkin-Elmer Model 267, Perkin-
Elmer, Norwalk, Connecticut) covering the interval 4000 to 600
cm.
Molecular microsond with Raman effect. The laser micro-
sond was developed by Professor M. Delhaye of the National
Center of Scientific Research (CNRS), Lille, France, and
described in 1975 [2]. Our work was done with such an
instrument mass-produced by the Instrument S.A. Division of
Jobin-Yvon. The MOLE is constituted by an ionized gas laser
whose beam points on the sample through the objective of an
optical microscope. The object is placed on a glass blade
directly under the microscope. The light diffused by Raman
effect is taped by the MOLE through the objective and then is
split by holographic diffraction grating and amplified. A corre-
sponding Raman spectrum is drawn by a recorder device which
is coupled with the rotation of the diffraction grating.
The spectral resolution is 0.5 cm1 on an average. For the
optical selection of the samples, the laser beam can be occulted.
The location of the crystals can be realized with white light
transmitted with a usual microscope at an optical enlargement
setting of g x 500 or g x 1000.
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Table 1. Main Raman bands of mineral components (in cm I)
Constituents
Group in
vibration
Raman vibrations
vi 2 1)4 Other bands
Calcium oxalates
—C00
Whewellite 1489
1462
595 504 1629 (v3), 895 (VCC)
Weddellite 1476 508 1632 (v3), 913 (VCC)
Calcium phosphates
—P043
Apatites 961 2 592
555
433, 405
Brushite 988 412 587
522
878 (vOH), 383
Magnesium phosphates —P043
Struvite 944 462
433
563 294 (Lattice mode)
Newberyite 983.7 401 524 895 (VpoH), 307
(Lattice mode)Calcium carbonates
—C032
Calcite 1086 713 282 (Lattice mode)
Aragonite 1084 703 207 (Lattice mode)
This technique combines the advantages of optic microscopy
and Raman spectrophotometry. It is a nondestructive technique
permitting the analysis of 1- to 2-j long samples [31. The green
(5145 A) or blue (4880 A) line of an ionized Argon laser
produced exciting light.
The samples studied were either fragments of calculi separat-
ed by microdissection, pulverized, and selected according to
their infrared spectrum, or whole sections of calculi, or dry
urinary sediments. Samples numbering 150 of 50 various renal,
ureteral, and vesical calculi were explored with the MOLE.
Results
We found more than 60 mineral and organic components in
urinary calculi, but the main ones were calcium oxalate, calci-
um and magnesium phosphate, purine, and cystine.
The minerals
The main Raman bands of mineral components are grouped
together in Table 1.
Calcium oxalates. The first component of the lithiasis had a
general occurrence of 83%, representing 72%of the pure forms,
that is, 19.5% of all urinary calculi of the adult [4].
Although calcium oxalate has been identified for a long time
in two crystalline forms, one monohydrated (whewellite), the
other dihydrated (weddellite), they remain to be one of the most
difficult types of lithiasis to treat.
Infrared spectrophotometry (IR) permits easy recognition of
the two hydrates both in pure form and in most of the mixtures
[1], which has allowed us to confirm the nearly constant
presence in oxalic calculi of a nucleus of whewellite (Cl), even
when the major constituent was almost entirely dihydrated
oxalate (C2). In fact, we were often able to isolate some very
small nuclei of Cl or of protein in the interior of the C2-calculi;
sometimes they were very well individualized despite their
small size (100 to 300 ). JR analysis of the latter revealed they
contained both whewellite and apatite.
Recognition of the two oxalates by the MOLE is made very
easy by the optical selection of the crystals under the micro-
scope and the fine lines of the Raman spectra. The main line
was observed at 1476 cm' for the C2 and at 1462 cm' for the
Cl [51.
The JR spectrum of the Cl showed a peculiarity: Whatever
the size of the sample ( 100 jt) was, all the infrared spectra of
whewellite associated the presence of one or several minor
components (between 2 and 8%), suggesting at least the inter-
vention of another phenomenon rather than the simple crystalli-
zation of calcium oxalate in the formation of whewellite struc-
tures in calculi.
This component appeared in the infrared spectra with the
aspect of a weak and wide band at 1105 cm' absent in the
spectra of synthetic whewellite (Fig. 1) and biological weddel-
lite. The calcination of the samples released a calcium phos-
phate with an apatite-like structure. The lattice and is vibra-
tions are observed at 603 and 570 cm.1 The asymetric
stretching V3 of PO43 ions is observed at 1055 to 1050 cm
(Fig. 2), which differentiates it from biological apatites that
vibrate at 1030 5 cm. Released by mineralization of all
whewellite samples, doubtless, this synthetic apatite proceeded
from a nonapatitic phosphate linked with an organic compound
destroyed during the calcination. An attempt to identify the
latter has not yet allowed us to characterize products other than
proteins accompanied by various but small quantities of lipids
(as in other stones); among them, we found (by thin layer
chromatography) cholesterol, triglycerids and free fatty acids
but no phospholipids. From 20 whewellite stones, Raman
spectra have been registered with the MOLE to confirm these
results; in every case except two, crystals of Cl submitted to
the laser have appeared as pure.
The phosphates. The phosphates represent an important
group among the lithiasis, first by their general abundance,
secondly by their diversity, and finally by their potential role in
the nucleation of some calculi.
According to our statistics [41, phosphate occurs in about
61.7% of cases, almost always in the form of mixed lithiasis
(some traces of apatites have not been considered in this
'The observation was made with an infrared spectrophotometer
(Perkin-Elmer model 683) covering the interval of 4000 to 200 cm'.
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Fig. I. Whewellire (infrared spectra):
A constituent from stone, B product of
cm synthesis.
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Fig. 2. Calcination residuum from whewellite
(infrared spectra): A from whewellite stone
calcium oxyde + calcium phosphate B from
cm' synthetic whewellite = calcium oxyde.
percentage). Pure phosphate stones only represent 3.3% of
patients, including the calculi composed of struvite.
Calcium salts are much more frequent than magnesium salts
and mainly include brushite, carbonated, and uncarbonated
apatites.
Brushite, encountered in 0.4% of our lithiasis, can be easily
identified, both with JR [1] and with Raman spectroscopy [5];
with the latter, the main band is observed at 988 cm.
Apatites are generally characterized by nonstoichiometric
relations between the cation and the anion, with inclusion in the
crystal lattice of a variable number of supplementary ions
including 0H, F, C032, and others. Carbonated derivatives
are by far the most frequently found. They result from the
incorporation in the crystal lattice of more or less numerous
carbonate ions which, however, cannot exceed one third of the
phosphate ions ifjudged by the study of the JR spectra. In most
cases, the observed carbapatites are unsaturated in carbonate
ions. The highest percentage we have observed is generally
found in those calculi which contain struvite.
Apatites are distinguished under JR by their vibrations at
1030 5 cm and 603 cm1, and in Raman spectroscopy by a
band v1 at about 960.5 cm [51. By JR. the distinction between
apatites and carbapatites is based on the vibrations of the
carbonate ions at 1465, 1415, and 875 cm. These are percepti-
ble only if the sample is composed of at least 10 to 15%
carbapatite. With the Raman method, we studied 15 phosphatic
stones. The differentiation between apatite and carbapatite is
more difficult to ascertain than with IR spectrometry, but the
threshold of perception with Raman microprobe is much lower.
The spectrum must be recorded under optimum conditions of
time and sensitivity. It seems that the carbonate content of the
sample influences the position of the phosphate band that
oscillates between 959 cm' (apatite) and 963 cm (saturated
carbapatite). The more carbonate in the apatite, the more the
band tends toward 963 cm°, and inversely. The possibility
offered by the MOLE to optically select the crystals makes the
differentiation easier.
Magnesium phosphate is mainly represented by struvite and
newberyite. Struvite (or ammonium magnesium phosphate
hexahydrate) can be found in 16.5% of the calculi. Its presence
is due to a chronic attack on the urinary tract by urea-splitting
bacteria, mainly of the genera Proteus, or more rarely Kiebsiel-
Ia, Pseudornonas, or Providencia. Struvite stones always con-
tain carbapatite and one or more additional components in 87%
of the cases.
Struvite was easily recognized by JR and Raman spectrosco-
py, both by the position of the main band and by the presence of
characteristic secondary bands. On its Raman spectrum, stru-
vite showed a symmetric stretching P-O at 944 cm, which
differentiated it very clearly from various calcium phosphates
found in the calculi; the line at 563 and 294 cm completed the
characterization (Fig. 3).
Newberyite is a magnesium hydrogenphosphate trihydrate.
Its structural analogy with brushite is evident and confirmed by
its IR and Raman spectra. The main band of newberyite was
registered with the MOLE at 983.7 0.7 cm'. A secondary
band was observed at 401 cm' [51.
Calcium carbonate. Although very often reported in the
composition of calculi, calcium carbonate, in fact, was rarely
observed. We found it in 0.6% of cases, only in the rhomboedric
calcite form, whereas it occurs in gallstones and pancreatic
stones also in the form of orthorhombic aragonite [1].
In Raman spectroscopy, the selective identification is based
on the vibrations of the crystal lattice, mainly the line at 282
cm' for calcite and the line at 207 cm for aragonite. The
main line for calcite was observed at 1086 cm (Fig. 4).
1400 1200 1000 800 600
Infrared spectrometry and Raman microprobe on urinary calculi 845
Organic compounds
Purines. Purines were found in one quarter of the cases of
lithiasis that we studied. They comprise a heterogenous family
with respect to the nature of its constituents and the etiopatho-
genic point of view.
Uric acid. Uric acid was observed in 17% of all cases and
exists in two distinct crystalline forms: The first one, anhy-
drous, crystallizes in the monoclinic system and occurs most
frequently (93.8%); the second one, dihydrate, crystallizes in
the orthorhombic system and is exceptionally found pure but is
associated with the anhydrous form in about one third of the
cases, essentially as a minor component, localized in the center
of the stone or in surrounding layers.
The various uric acid forms were easily recognized by IR,
even in mixtures [11. On the contrary, the spectra obtained with
the MOLE were not completely satisfactory because of fluores-
cence and heating of the specimens. Nevertheless, we obtained
good Raman spectra of anhydrous uric acid (Fig. 5). Heating at
the impact point of the laser lead to a decomposition of the
dihydrate form and we could not study it with Raman
microprobe.
Urates. Raman spectra of all urates showed common particu-
larities, especially a line at 1006 3 cm, another one at 1058
4 cm (C-O symmetrical displacement), and a group of
unseparated bands between 1445 and 1415 cm', characterized
by a more or less double top; at last, a sharp and strong line at
630 3 cm corresponded to a vibration of purine skeleton
with hydroxyles in two and eight positions (uric acid, urates,
and 2,8-dihydroxyadenine). The main Raman lines of urates and
other purines are grouped together in Table 2 which shows
urates characterized by nine lines (or groups of lines), noted
from ito 9. By analogy, the spectrum of a new product with the
same profile must guide toward a urate structure.
Ammonium hydrogen urate and sodium hydrogen urate were
easily recognizable by their Raman spectra [5].
Potassium urate was described recently in lithiasis by Ci-
fuentes Delatte et al [6] who used electronic diffraction. In IR,
we must record spectra with rigorous conditions of calibration
to distinguish between potassium and sodium urate; but with
the MOLE, recognition of potassium urate in mixtures was easy
(Figs. 6 and 7).
Calcium urate was not yet described clearly in renal lithiasis.
We found it in only one case; it constituted the superficial layer
of two calculi. Identification was obtained by comparison with
pure product prepared by synthesis in our laboratory. The
calcination residuum of the dry crystals represents 14.48% of
the initial sample weight, which is, in the molecular composi-
tion of the crystals, in harmony with the presence of one
calcium atom for two uric acid molecules. Moreover, the
difference with the theoretical percentage is compatible with
two crystallization water molecules, which therefore would
correspond to the global formula Ca (CH3O3N4)2, 2 H20.
Besides, the infrared spectrum (Fig. 8) is compatible with this
formula, for most skeletal vibrations between 1500 and 70C
cm' were split, which proves that the two purine fractions ar
not equivalent and each one undergoes slightly different con-
straints within the crystal unit cell. The Raman spectrum (Fig.
9) also included a certain number of split lines (1615 and 1598.
Fig. 3. Struvite (Raman spectrum).
Fig. 4. Calcite (Raman spectrum).
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1216 and 1200, 1127 and 1119, 1008 and 996, 883 and 876, 505
and 488 cm) which are in harmony with this structure.
Xanthine and hypoxanthine. These two purines were easily
recognizable by their respective IR [1] and Raman spectra
(Figs. 10 and 11). The xanthine spectrum showed an intense and
extended fluorescence level induced by laser excitation, but
specific lines of xanthine were observed above this fluores-
cence level.
2,8-dihydroxyadenine. JR and Raman spectra [1, 5] obtained
from stones of 2,8-dihydroxyadenine (2,8-DHAd) were charac-
teristic, but with Raman microprobe, the intense fluorescence
of samples induced by laser radiation was a rather important
obstacle which needed an extended irradiation of samples
before recording their spectra. Thus, the main lines at 1473,
1397, 1250, 987, and 628 cm were sufficiently intense to be
detected above the fluorescence level therefore permitting
characterization of 2,8-DHAd without any ambiguity.
('ystine. Cystine produces nearly pure lithiasis but always
with traces of apatite. With JR. recognition of cystine posed no
difficulty, even when in various mixtures. The Raman spectrum
of cystine showed a great number of lines and mainly a very
intense and characteristic one at 499 cm '(Fig. 12).
Discussion
If JR spectroscopy seems to be an excellent technique of
routine analysis for urinary calculi, it is sometimes limited in its
capacity for detecting certain minor components in various
mixtures and for analyzing very small samples, especially
isolated microcrystals, for instance, those in the nucleus of
calculi. The MOLE is the only method which can be used to
study both the molecular and crystalline structure of 1-
samples which is why we wanted to test this method for
analyzing calculi and especially their nuclei. This work is not an
exhaustive study, but it does prove that the MOLE is a
potentially interesting technique to verify some hypotheses
about the genesis of various types of calculi. Then, the MOLE
can make its very important contribution to analyze small
samples seen under the microscope. For instance, all Cl JR
spectra showed an abnormal band but despite this result,
Raman spectroscopy proved whewellite calculi are composed
of pure crystals which secondarily set a phosphated substance
(possibly protein) whose affinity for these crystals could be the
cause of their aggregation, their cohesion, and consequently the
edification of the calculus. This ascertainment must be consid-
ered with the observations made by rheumatologists and espe-
cially de Bernard and Vittur [7] on the particular affinity of
certain bony proteins for calcium with a progressive crystalliza-
tion followed by crystalline aggregation. More extensive stud-
ies, conducted with the molecular microsond and other tech-
niques of investigation, should bring some decisive information
for the comprehension of these various data.
We especially took an interest in the distinction between
apatites and carbapatites. It seems possible to study the apatite
carbonatation with the MOLE thanks to the ray v, mobility
between 963 and 959 cm'; it is more delicate, less precise, and
sometimes impossible with JR. Nevertheless, it is probably
advisable to undertake additional verifications on a greater
number of calculi, because the complexity of the apatites
structure and their biological environment causes numerous
associations of carbonated and noncarbonated apatites in vary-
ing proportions. Up to now, the most carbonated apatites, that
is, those that accompany struvite in calculi due to infections
caused by urea-splitting bacteria have shown a phosphate line
at 963 cm'. At present, the carbonatation rate of apatites does
not seem to have any particular clinical significance, However,
we could observe that some calculi contain carbonated apatites
with constant carbonatation rate in all the layers, and some
recurrent patients eliminate calculi with a more or less constant
carbonatation rate. Perhaps these data will have a diagnostic or
therapeutic application in the future.
We found brushite in 0.4% of the cases. Our attempts to find
brushite in a dozen oxalic calculi nucleus were unsuccessful;
these results are not conclusive but seem to be an argument
against the hypothesis of oxalic calculi nucleation from brushite
crystals suggested by certain authors [8, 9].
More common in women than in men, struvite often makes
up multiple and/or staghorn calculi. They are particularly
dangerous to the renal parenchyma. both because of their
expansionist tendency and due to their role as reservoirs for
bacteria which prevent the disinfection of the urinary tract so
long as the calculi have not been totally removed, Their
development may occur from pre-existent calculi, composed of
calcium oxalate, apatite, and more rarely of uric acid or cystine.
But, indeed, the majority of calculi with struvite seem to be
formed either by a progressive mineralization of some pre-
existent soft calculi or more frequently by nucleation on protein
compounds released in the urinary tract during the infection.
Newberyite is always observed on the periphery of calculi
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Fig. 5. Uric acid anhydrous (Raman spectrum).
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Table 2. Main bands observed on Raman spectra of purines (in cm I)
Band no. 10 2h 3b 4 5 6 7° 8° 9°
Uricacidanhydrous 1650 1497 1407 1288 1233 1121 1040 998 627 564
Ammonium acid urate -—1425 -—1415 1218 1059 1003 881 795 633 585 492
Sodium acid urate 1444 —1418 1207 1062 1009 874 788 630 591 492
Potassium acid urate —1430 —1415 1207 1061 1004 876 792 628 583 487
Calcium acid urate 1615 1598 142! 1375 1216 1200 1055 1008 996 883 876 790 633 588 505 488
2,8-Dihydroxyadenine 1473 1397 1250 —1185 1123 1046 987 807 628 499
Xanthine —1434 —1415 1328 1260 1208 957 651 541
Hypoxanthine 1674 1569 1506 1459 1432 1417 1368 1294 1147 1133 963 626617 562
Assignments for band numbers are:
°
b and 5 OH
Ring vibration
d &NH (out of plaue)
Ring breathing
3200 2700 2200
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Fig. 7. Potassium hydrogen urate (Raman spectrum).
that contain struvite; it is often more abundant in stones
removed and kept for several years. We have also found
newberyite in the spectra of some KBr pellets that initially
contained samples of struvite and that had been kept for several
weeks or months in dry air. At last, we obtained struvite in a
solid phase from crystallized newberyite stored in a wet ammo-
nia atmosphere; struvite appeared after less than 48 hr while
newberyite disappeared totally after 25 days. The reversible
transformation, in vitro, of struvite into newberyite suggests a
similar process in the superficial layers of struvite stones. The
conversion is easily made by the fact that the two molecules
crystallize in the orthorhombic system. We can admit that an
analogous transformation takes place in vivo in the presence of
a struvite calculus but, it is hardly likely.
Regarding uric acid, Boistelle and Rinaudo's experiments
[10, 11], focused on pure uric acid aqueous solutions, help us
realize the conditions of formation of the two hydrates. Gener-
ally, uric acid dihydrate spontaneously crystallize with higher
concentrations and lower pH than uric acid anhydrous. There is
a possibility of irreversible conversion of dihydrate form into
anhydrous form by a dissolution-recrystallization process. On
the other hand, each of the two crystalline forms can be a
support of heterogenous nucleation for the other one by an
epitaxial growth mechanism. Uric acid rate is pathologically
quite higher than the concentrations used by Boistelle and
Rinaudo in their experiments in vitro, and one has every right to
think that the dihydrate form generally could constitute the first
nucleation step. Secondarily, uric acid dihydrate would be
converted into an anhydrous form by a dissolution-recrystalli-
zation process when the stone growth is slow; for example, in
Fig. 6. Potassium hydrogen urate (infrared
spectrum).
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an environment where uraturia is affected by high variations
and acidity is moderate. Lithiasis without dihydrate form could
result from this context and then would form more slowly than
lithiasis with uric acid dihydrate.
From an eliopathogenic point of view, we noticed that 83% of
uric acid stones have a male origin when the purine content
exceeds 65%. This frequency falls to 60% for stones containing
less than 65% of uric acid. No doubt diet takes an important
place in the formation of these calculi; in fact, a man's diet is
often richer in purines than a woman's.
Raman or IR spectra of various urates are alike and some-
times require an affentive study of appearance and position of
bands to differentiate every component without ambiguity.
With IR spectroscopy, this is not always possible when some
salts are minor components in mixtures of urates; for example,
it is difficult to characterize sodium urate when diffusely
associated with more than 90% of ammonium urate. Then, the
MOLE can be very useful because the great number of sharp
lines on every purine Raman spectrum and the preliminary
optical selection of crystals allows an easier identification.
Ammonium hydrogen urate is found in 8.3% of our lithiasis.
Quantitatively, its role is often secondary, but it is sometimes
the nucleus of stones essentially composed of whewellite; this
peculiar example is almost exclusively observed among chil-
dren (7 to 8% of cases) without any obvious abnormality in uric
acid metabolism or any evident infectious disease.
Ammonium hydrogen urate is frequently found with struvite
in stones developed in urine infected by urea-splitting bacteria.
It can appear in urine from pH 6.8 on condition that the NH4 F
ion content be sufficient. Easily recognized by JR spectroscopy
[11 and Raman microprobe [5], it is detected only in one third of
struvite stones which tends to prove there is another necessary
condition besides urinary infection for urate to crystallize.
Sodium hydrogen urate monohydrate is much more scarce
than its ammonia homologue (0.8% of cases). It sometimes
composes nearly pure stones, but it is more frequently present
as very small quantities or traces. Yet, it seems to be very
important in the mechanism of lithogenesis: In fact, some
authors think it can cause further crystallization of calcium
oxalate blocking inhibitors and making a gel with them. This gel
would be a support of nucleation for oxalate. This hypothesis
comes from experiments in vitro but there is no confirmation
for stones [12—15].
We could not demonstrate sodium urate in the nucleus of
calcium oxalate stones, even with the MOLE which can ana-
lyze crystals I j in size. The number of analyses (25 samples) is
insufficient for conclusions but it is evident this new technology
can help us explore areas as small as the nuclei of stones.
With regard to the calcium urate, we report a patient treated
for uric acid lithiasis with allopurinol and alkaline drinks (Vichy
water); despite this treatment, this patient underwent surgery
for two x-ray-transparent stones of the left ureter. The superfi-
cial layer of stones was constituted completely by calcium
tirate.
On the clinical level, the covering of the calculi by insoluble
urates seems to be a rare complication of the alkalizing curative
treatments of uric acid lithiasis, Then, this covering opposes
any therapeutic efficacy and prescribes at the end the surgical
ablation of the calculi. Ammonium and sodium urates can both
play the same role as the calcium urate in similar conditions.
Observed in the rare cases of congenital xanthinuria, xan-
thine is also productive of calculi secondarily to the blocking of
xanthine oxydase by uricolytic treatments. The inhibition or the
deficiency of this enzyme also involves an increased elimination
of hypoxanthine that can, therefore, go with xanthine into these
calculi. We report a new case of congenital xanthinuria tardily
discovered in a 40-year-old woman who, for several years,
presented nephritic colics with elimination of stones initially
identified as calcium oxalate. The eliminated stone was sent to
our laboratory. Its JR spectrum was characteristic of xanthine,
without any detectable concentrations of hypoxanthine or calci-
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Fig. 9. Calcium hydrogen urate (Raman spectrum).
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urn oxalate. Additional biological explorations confirmed the
low expected value of uricemia (48 moles/1iter).
2,8-DHAd is a very scarce component of highly recurrent
stones which are observed only in complete adenine phosphori-
bosyltransferase (APRT) deficiency. Until now, 2,8-DHAd has
only been observed in young children; it results from the
oxydation by xanthine oxydase of adenine sprung from catabo-
lism of nucleic acid and nucleoproteins. In normal subjects,
adenine is completely recycled toward nucleotide synthesis by
APRT which is a specific enzyme. Homozygote congenital
deficiency induces an important urinary excretion of 8-hy-
droxyadenine and especially of 2,8-DHAd which can constitute
highly recurrent stones [16—191. According to Fox et al [201,
APRT heterozygote congenital deficit should be rather frequent
(1% of the general population in the United States of America).
Diagnosis of the homozygote deficiency can be guided by the
examination of child urinary sediment which contains charac-
teristic crystals of 2,8-DHAd. These crystals are rust-colored
and are polarizing spheres of 10 to 50 in diameter. Actually,
we know two patients with a complete APRT deficit without
stones in a brother and sister of stone-forming children [17, 181.
Their urine samples also contained 2,8-DHAd crystals. Very
likely other patients with 2,8-DHAd lithiasis will be described in
the next years if corresponding stones are analyzed by physical
methods like JR spectroscopy which seems to us to be the
swiftest and the most convenient one. Indeed, chemical charac-
terization of 2,8-DHAd is difficult. First, this molecule has a
positive reaction with phosphotungstic acid and by murexide
reaction. Thus, it is currently confused with uric acid which,
moreover, is always a minor component of these stones (until
10%) and gives a positive reaction with uricase.
Cystine is the last organic component of stones that we will
discuss in this study. Its presence in 2% of lithiasis results from
urinary cystine hyperexcretion at concentrations which can rise
ten to 15 times the normal values. Mainly observed in the
homozygote form of a hereditary disease, cystinuria-lysinuria,
cystine stones are often highly recurrent and can invade a renal
pelvis in a few weeks. Its prevention by means of diuresis
treatment, intermittent alkalinization of urine and addition of a
sulfured structural analogue of cystine or a reducing molecule
like ascorbic acid which are more or less tolerated by patients,
is constraining but relatively efficient therapy when it can be
continued for a sufficient time.
Conclusion
Analyzing urinary stones by an appropriate physical method
appears to be a very important step in the study of the lithiasic
disease from the etiopathogenic and therapeutic point of view.
JR spectroscopy is one of the best methods in this regard and
has some interesting advantages over techniques that use x-
rays: in particular, rapidity of the analysis, the small quantity of
the specimen required for a spectrum (20 to 30 g) and the
characterization of amorphous substances and proteins.
Finer still is the analysis carried out with the MOLE. This
Fig. 10. Xanthine (Rarnan spectrum).
Fig. 11. Hypoxanthine (Raman spectrum).
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very sensitive and precise technique permits the recording of
Raman spectra with an excellent reproducibility (better than 0.6
cm). But, it is a more costly and delicate technique than IR
spectroscopy; moreover, it is actually limited by two factors:
fluorescence especially intense for biological specimens and
heating at the impact point of the laser which can lead to the
transformation or the destruction of fragile specimens. Despite
this, the MOLE has proven its efficiency in the differentiation of
the main components of urinary stones, the characterization
and the identification of compounds present in small quantity,
and the study of the structure of some calculi.
The next logical step in this research is to determine with
precision the composition and the organization of the nucleus of
various stones but also to analyze numerous urinary sediments
to differentiate by a direct examination the urine samples of
stone formers and normal subjects. The first trials [5] demon-
strate that the MOLE will doubtless he useful: its potentials
have not yet been exploited fully, but it already efficiently
complements IR spectroscopy. Indeed, the MOLE can earn
high regard among the various methods of investigation of
biological stones.
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